ABSTRACT Romanian universities face the challenge of implementing learning management systems (LMS) while introducing blended learning (BL) in their academic programs. In order to benefit from this educational concept, it is imperative to determine whether the LMS provides added value to the university. After an extensive literature review, we designed a conceptual model for the LMS success, by combining constructs from previous well-established models and adding the user trust dimension. To test this model, we conducted a case study on the premises of the Faculty of Cybernetics, Statistics and Economic Informatics at The Bucharest University of Economic Studies. The network of determinants was examined for validation and relationships, using structural equation modeling. This paper details our findings with regard to the newly tested hypotheses, with an emphasis on the role of the user trust dimension.
I. INTRODUCTION
Romanian Higher Education Institutions (HEI) are making a shift in their strategy to integrate Information and Communication Technologies (ICT) in the learning process [1] . Therefore, Romanian HEIs are making an effort to apply the BL concept and to implement LMS to support this endeavor [3] , [4] . BL, which is ''the new normal in education'', will no longer be viewed as an alternative ''but rather as the mainstream of higher education'' [2] .
BL combines the traditional learning methods with modern ones, which use ICT significantly: the asynchronous with the synchronous, the off-site with the on-site, the offline with the online, the individual with the collaborative and the structured with the non-structured [5] - [7] . Whereas a widely accepted definition for BL among scholars is: ''a description of particular forms of teaching with technology'' [8] , [9] , there are also studies which offer another perspective by considering the total amount of online content delivered during the learning process [10] , [11] . These researchers state that,
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in order to define a learning experience as blended, the proportion of delivered online content should be between 30% and 79%.
''BL provides pedagogical benefits such as increased learning effectiveness, satisfaction, and efficiency'' [12] , it has the potential to improve student access to higher education, it provides flexibility from both a temporal and a spatial perspective [13] , it can improve cost-effectiveness and the use of resources [14] , and it offers the advantage of personalized instruction [15] .
HEIs conduct LMS implementations to introduce BL in their academic programs [16] . ''An LMS is an Information System (IS) that facilitates e-learning'' [17] , [18] . LMSs: (1) ''process, store and disseminate educational material; (2) support administration and communication associated with teaching and learning'' [17] , [19] ; (3) ''provide opportunities for enabling institutional innovations in learning and education'' [20] .
Nowadays, the academic environment is highly competitive. Therefore, it is imperative to know whether the implementation of an LMS is successful and provides added value to the HEI [21] , [22] . This research consists of an empirical investigation for the evaluation of LMS success from the students' perspective. For this purpose, we applied the survey as an instrument in a Romanian HEI which implemented an LMS. This endeavor starts by detecting the palette of factors which reflect the main social and technical issues involved in assessing the success of an LMS. Considering these findings, we will be proposing a model and will be testing its hypotheses, using Structural Equation Modeling (SEM). Finally, we will present the results and conclusions on this subject matter.
II. LITERATURE REVIEW
It is common belief among researchers and practitioners that students' performance and satisfaction with LMS has a significant role in assessing the effectiveness of LMS adoption [23] - [25] but ''the success of LMS cannot be evaluated using a single proxy construct (e.g., user satisfaction) or a single-item scale (e.g., overall success)'' [26] . Therefore, academic literature contains studies which discuss the success of an LMS as ''an emerging concept of social issues and technical issues'' [27] .
An LMS ''is a special type of IS'' [24] and, consequently, numerous scientific studies concerning LMS success are based on technology-centered models, such as the DeLone and McLean IS success model (D&M model) [28] - [34] , the Technology Acceptance Model (TAM) [35] - [37] and the expectation-confirmation model [38] , [39] . The scholars have also proposed models centering on user satisfaction [40] , [26] , [25] , [41] or social and technical issues [27] , [9] .
Academic literature contains studies indicating that the D&M model is suitable for conducting an investigation which assesses LMS success from the students' perspective [29] , [27] , [42] - [45] .
The D&M model has received considerable attention from researchers and has been subject to scrutiny in numerous scientific papers which discussed its constructs and validated the relationships amongst them [30] , [46] . ''The D&M model is a measurement instrument for IS success based on six dimensions: system quality, information quality, service quality, use/intention to use, user satisfaction and net benefits'' [28] , [47] .
The system quality dimension refers to the LMS software, as well as to hardware quality [27] , [48] , [22] . In most studies, hardware quality refers to (1) the quality of the peripherals available to user [40] , [27] ; (2) internet quality [40] , [49] ; (3) the quality of the IT infrastructure [50] , [21] , [9] . The incidence of these studies is not high compared to that of the scientific papers which analyze LMS software quality. The software quality of the LMS has been investigated using different metrics. Table 1 presents a review of the academic literature concerning this matter. The scholars state that ''the higher the quality and reliability of the used technology, the higher the learning effects will be'' [40] , [27] .
The information quality dimension is defined as ''the quality of the output from an IS'' [31] or as ''characteristics of the output offered by the IS, such as accuracy, timeliness, and completeness metrics'' [30] , [44] . The LMS information quality dimension encapsulates course management and content quality issues. Course management quality is an important factor for assessing LMS success. It frequently refers to course objectives and structure [27] , [48] . Content quality issues received substantial VOLUME 7, 2019 attention in the academic literature [26] , [59] , [9] . The main conclusion is that ''learners place great value on system content'' [26] and the general recommendation is to provide ''information that is precise, comprehensive, up to date, required, relevant to learners' needs and pedagogically organized'' [52] . The scholars have extended their studies to more indicators of the LMS output quality [32] and they all convey the idea that information quality is fundamental in evaluating the success of an LMS [9] . Table 2 presents a list of LMS information quality metrics, along with their references.
In academic literature, there is evidence that ''IS researchers risk to mismeasure IS effectiveness if they do not include in their assessment package a measure of IS service quality'' [60] . The service quality dimension refers to ''the support of users by the IS department, often measured by the responsiveness, reliability, and empathy of the support organization'' [30] .
Over the years, scholars have tried to determine the IS service quality metrics. We have found two research directions concerning this matter: instructor and technical support quality. Even though the instructor quality dimension is a pertinent addition to the IS service quality, the technical support quality remains the key measure [29] , [61] , [40] , [27] , [62] . This is a ''robust predictor of e-learning acceptance'' [63] , [62] and includes a set of measures such as responsiveness, availability, knowledge, training, channel management, providing guidance to users [31] , reflecting user views in system design and development, the speed of the provided service [32] , help-desk or LMS administrators support [62] . A review of the academic literature reveals several service quality metrics, presented in Table 3 .
Researchers have determined the existence of a separate dimension called educational system quality or ''system quality according to the features and capabilities that facilitate and improve teaching and learning'' [32] . The Measuring E-learning Systems Success model (MELSS) included this construct, which can be measured using indicators such as those presented in Table 4 .
The developers of the D&M model consider that the fourth dimension, use/intention to use, ''specially informed and effective use, will continue to be an important indication of IS success for many systems'' [28] . Use refers to ''the actual use of the LMS or its outputs'' and therefore reflects the users' behavior [28] . Intention to use is ''the decision to use a system before you actually do it'' [32] . The intention to use reflects the users' attitude. Table 5 highlights measurement items for this dimension [28] , [47] .
''A more comprehensive approach for explaining the usage of an IS'' (and therefore of an LMS) [47] is TAM [35] . TAM, ''a frequently cited and influential model with extensive empirical support'' [56] , which ''focuses on predicting and assessing users' tendency to accept technology'' [40] , explained the same concept by separating it in two different variables: perceived ease of use and perceived usefulness [40] , [62] . The perceived ease of use is ''the extent to which a student considers that the use of the LMS is effortless, whereas the perceived usefulness is ''the extent to which a student believes that the LMS may help to improve his or her academic performance'' [70] . According to researchers, these variables are predictors which influence attitude toward use, intention to use and actual use [54] , [61] , [62] , [68] , [51] , [56] , [22] , [71] .
In the LMS arena, researchers have used perceived usefulness frequently [9] , and practitioners have included this measure in the ''must have'' cluster of factors for LMS success [72] . Table 6 indicates metrics for investigating this construct as a measure of LMS success.
The D&M model integrated user satisfaction as a measure of IS success [28] . This concept is explained as ''a positive idea or experience about the direct interaction with an LMS'' [33] and it usually measures the performance [46] , enjoyment [41] , adequacy [52] , efficiency, effectiveness [43] , and overall satisfaction with the LMS. Table 7 includes several user/student satisfaction metrics. Also, academic literature provides evidence that ''computer self-efficacy, performance expectations, system functionality, content feature, interaction, and learning climate significantly affect student learning satisfaction'' within blended learning environments [25] and that students ''experience higher inner satisfaction mostly with an instruction method which reflects their preferences'' [52] . Besides being a driver for information systems success [46] , this construct is an essential predictor of the user's intention to continue using a technology [58] , [63] , [19] .
Researchers related user trust with TAM variables in different ways, in order to test and explain its role in the online context [75] . Research suggests that user trust is a key driver for the adoption of e-services [75] and an important factor in IS studies in general [76] . ''The relationship between user acceptance measured as ease of use, information quality, and system quality and satisfaction is mediated by the trust on the system'' [76] . By comparison, the incidence of research papers which studied the role of user trust in the LMS context is not high. We have found academic literature that related user trust with the success of distance learning [77] and the adoption of mobile learning in higher education [78] . Other academic papers [27] , [9] suggested that privacy, ethical and legal issues, together with plagiarism and copyright concepts, are supportive issues having a strong positive effect on overall learner satisfaction. Table 8 indicates metrics for studying the user trust dimension as a measure of LMS success.
IS research results confirm that ''information quality and service quality had a significant effect on member loyalty through user satisfaction'' [79] . Within the boundaries of LMS, the user loyalty dimension was defined as ''involvement and participation rate of students in e-learning activities'' [32] . A direct effect is evinced between learner satisfaction and loyalty, and greater use of LMS generates more loyalty [32] .
IS continuance intention is a construct in the IS Expectation Confirmation Model (ECM) [80] which aims to ''reveal the variables that affect the continuance usage intentions of individuals with respect to information technologies'' [63] , [42] , [46] . Continuance intention is also present in academic papers dealing with the Technology Continuance Theory (TCT) (a mix of TAM, ECM, and the Cognitive Model) for predicting long-term usage of technological innovations along with other five variables: confirmation, satisfaction, perceived usefulness, perceived ease of use and attitude [46] .
In the LMS context, continuance intention refers to the probability that the student will continue to use the LMS. Students' satisfaction with LMS was significantly associated with their continuance intentions [69] and perceived usefulness has a major impact on continuance intentions [42] . Also, a study revealed that ''information quality, system quality, support service quality, and instructor quality contribute significantly to perceived usefulness, which explains the user's satisfaction, and this, in turn, leads to their continued system usage intention'' [39] . Continuance intention to use is an important factor contributing to increased levels of loyalty towards the LMS. Table 9 presents the main metrics used to investigate user loyalty in academic literature.
Another study found that perceived usefulness and satisfaction in blended learning settings significantly affect the students' willingness to make the shift to full e-learning. One major finding of this study is that ''learners' adoption of LMS in blended learning boosts their intention to full e-learning'' [81] .
III. METHODOLOGY A. RESEARCH MODEL AND HYPOTHESES
The above literature review reveals that the majority of LMS success models are centered on technology, user satisfaction, or social and technical issues. Also, many of these models investigated LMS success from the students' perspective. By comparison, the incidence of studies regarding LMS success models which are centered on user loyalty is not high.
The first step in attempting to minimize this gap and to determine possible weaknesses of previous models regarding LMS success is to combine constructs from prior models (D&M model, TAM, ECM) and to test the relationships between them. We will start by presenting other researchers' efforts [52] , who tested and repeatedly confirmed the relationships presented in Fig. 1 [75] .
The proposed research model has two types of quality factors: System Quality (SQ) and Educational System Quality (ESQ). SQ refers to Technical System Quality (TsysQ), Information Quality (InfQ) and Service Quality (SeQ). SQ has been adopted from the D&M model and ESQ from MELSS. Another construct adopted from the same two models is User Satisfaction (S). TAM offered the Perceived Usefulness (PU) dimension of this model. User Loyalty (L), discussed in MELSS was enriched with a component of continuance intention, an ECM construct.
User satisfaction is important for developing trust in the LMS. If users trust the LMS, they will develop a positive attitude towards it and this, in turn, will boost the users' loyalty. User satisfaction and trust are determinants of user loyalty, which we consider to be the ultimate metric for LMS success. Therefore, this conceptual model adds the User Trust (T) construct and the additional relationships involving this new dimension. Table 10 presents the definitions of the proposed model's dimensions.
The proposed model was used to explain which are the main constructs determining user loyalty in the context of a blended learning environment. This endeavor started by setting the additional hypotheses, which led to the final concept presented in Fig. 2 .
Our model will test the following hypotheses: 1) H1 -SQ positively affects S; 2) H2 -ESQ positively affects S; 3) H3 -PU positively affects S; 4) H4 -PU positively affects L; 5) H5 -S positively affects T; 6) H6 -T positively affects L. 
FIGURE 1.
Hypotheses tested in previous academic research [27] , [32] , [34] , [45] , [52] , and [75] . 
B. ANALYSIS AND RESULTS

1) POPULATION AND SAMPLE
This research was conducted on the premises of the Faculty of Cybernetics, Statistics and Economic Informatics from the Bucharest University of Economic Studies, where an LMS has been implemented and BL has replaced the faceto-face education format since 2014. The research method employed is the survey. The survey was conducted by producing and distributing an online questionnaire measuring the dimensions and testing the final model. The research instrument used a five-point Likert scale (1-Strongly Disagree, 2-Disagree, 3-Neutral, 4-Agree, and 5-Strongly Agree), being presented in the Appendix. The questionnaire was sent to 250 students and returned a total of 215 responses (86% response rate). Only 209 responses were valid and formed the basis of this study (low discard rate). Most of the students (84.69%) were in the 17-20-year-old age group, whereas 23% were in the 20-23 year-old age group. The majority of the respondents were enrolled in their first academic year.
Other descriptive statistics show that respondents were 97.13% of Romanian nationality, 54.55% female, and 45.45% male respondents. A total of 47.37% of respondents used the LMS for more than three courses, 26.31% used it for two to three courses, and 26% only used it for one course. The use of the LMS for these disciplines was mandatory. The number of hours spent by students per week using the LMS varies between 5-10 hours (72.7%) and 10-15 hours (22.5%). Also, the students answered that, while using the LMS, they experienced a feeling of (1) relaxation (52.6%); control (31.1%); indifference (14.4%). These percentages are indicative of a certain level of familiarity with the system.
2) MEASUREMENT MODEL ASSESSMENT
This study used SEM for data analysis. The evaluation of the model was conducted following a two-step approach ''commonly used in SEM techniques'' [42] , [39] , [52] . During Confirmatory Factor Analysis (CFA), the measurement model was first tested for its reliability and validity. The next phase included the examination of the structural model, in order to determine the fitness of the proposed model and to explore the causal relationships between its constructs. The software packages used to conduct the analysis were IBM SPSS AMOS and IBM SPSS Statistics.
In view of assessing the measurement model, tests concerning convergent validity, discriminant validity and construct reliability were conducted. Table 11 details Convergent validity ''measures whether items can effectively reflect their corresponding factors'' [52] . For each construct, the AVE value should exceed the recommended value of 0.5 [82] , [33] . Researchers consider AVE to be a very strict measure and state that ''on the basis of CR alone, the researcher may conclude that the convergent validity of the construct is adequate'' [83] , [84] . Other academic papers [85] , [86] suggest that ''if AVE is less than 0.5, but CR is higher than 0.6 the convergent validity of the construct is still adequate''. In the current case, the CR values exceed 0.7, and the AVE values are greater than 0.47, therefore, convergent validity is obtained ''as the items represented their constructs'' [39] .
''Discriminant validity measures whether two factors are statistically different from each other'' [52] . Discriminant validity is achieved if the following standards are met: the MSV values are lower than the AVE values for each construct, and the square roots of AVEs (bold diagonal results in Table 11 ) are greater than the inter-construct correlations (off-diagonal results in Table 11 )'' [87] , [82] , [39] , [84] , [33] . The results reported in Table 11 indicate that the criteria are met, and, therefore, the measurement model exhibits discriminant validity.
To show the model construct reliability, we calculated CR and Cronbach's alpha values for each construct (Table 11) . Since CR reflects ''the degree to which items are free from random error and therefore render consistent results'' [52] , the computed CR coefficients values (all greater than 0.7) indicate very consistent results [82] . In addition, Cronbach's alpha values for all constructs exceeded the 0.7 recommended value [86] . Considering these results, the model's construct reliability is ensured.
3) MEASUREMENT OF THE MODEL FITNESS
In order to demonstrate the fitness of the model, values for the absolute and incremental fit indices were computed.
The absolute fit indices values (presented in Table 12 ) show ''how well the proposed theory fits the data'' [88] , [89] . From the absolute fit indices family, we computed Normed Chi-Square, the Root Mean Square Error of Approximation (RMSEA), the Goodness-of-fit Statistic (GFI), the Adjusted Goodness-of-fit Statistic (AGFI), and the Standardized Root Mean Square Residual (S-RMR). Chi-square (χ 2 ) can be considered the main indicator to assess the fitness of the model. The P value of this index should be greater than 0.05. In order to minimize the effect of the sample size on this value, the Normed Chi-Square (Chi-Square adjusted with the degrees of freedom χ 2 /df) was used to show the model fit. The RMSEA is indicative of possible model misspecification and a good ''indicator of fit statistics'' [21] , [89] . The GFI and AGFI (which is GFI adjusted for degrees of freedom) are considered common measures in assessing the overall fitness of the model, even though the size of the sample has a detrimental effect on both of them. The S-RMR is an index which indicates perfect fitness of the model if its value is 0 and it is considered to be more meaningful to interpret than the Root Mean Square Residual (RMR).
The incremental fit indices compare the χ 2 value to the χ 2 value of the null model, in which all variables are uncorrelated. The null model is the worst-case scenario, and therefore, the recommended value for the Normed-Fit Index (NFI) must be closer to 1. If the NFI value is greater than 0.9 the model shows a good fit. Compared to the NFI, the Comparative Fit Index (IFI) takes into account the sample size, but the acceptable value must follow the same restriction. Other incremental fit indices to be computed are the Incremental Fit Index (IFI) and the Tucker-Lewis Index (TLI) [89] .
According to researchers [87] , [90] , [39] , [52] , [46] , [84] , the common criteria and the acceptable values for the absolute fit indices used in performing the CFA for the measurement model and testing the structural model are: χ 2 /df<3, RMSEA≤0.06 and the associated PClose>0.05, GFI>0.9, AGFI>0.8 and S-RMR<0.08. Concerning the incremental fit indices, the cutoff criteria are as follows: NFI>0.9, IFI>0.9, TLI>0.9 and CFI>0.95. The computed values of the absolute/incremental fit indices for the measurement model are presented in Table 12 .
The results of the CFA (Table 12) show that the absolute and incremental fit indices values for the measurement model 
4) PATH ANALYSIS
The examination of the structural model revealed properties of the causal paths. The standardized path coefficients (β-values) and Squared Multiple Correlations (SMC) are presented in Fig. 3 . The Direct, Indirect and Total Effects (DE, IE, TE) between the constructs of the model are presented in Table 13 .
A bootstrap analysis was performed to estimate the significance of path coefficients, as suggested by previous academic literature [25] . The results indicate that educational system quality had a positively and statistically significant large effect on user satisfaction (β = 0.450, p<0.01), as well as perceived usefulness (β = 0.356, p<0.1). System quality had a positively small effect (β = 0.142) on user satisfaction, but, statistically, it was not significant. User satisfaction had a positively and statistically significant large effect on user trust (β = 0.896, p<0.01). The perceived usefulness had a positively and statistically significant large effect on user loyalty (β = 0.354, p<0.1), as well as user trust (β = 0.637, p<0.01). The synthesis of the path analysis is presented in Table 14 .
C. DISCUSSION
The three pillars of the system quality construct are technical system quality, information quality, and service quality. The commonly accepted opinion among researchers in this field is that system quality construct impacts student satisfaction [32] , [46] , [33] . For the current case study, H1 was not supported. Student satisfaction is not determined by LMS quality. It is common knowledge that frequent technical difficulties, such as poor technology or slow response time, will always discourage students from using the LMS. System quality and functionality matters. The LMS implemented by the university is a mature learning environment (Moodle). Consequently, the students did not experience technical difficulties in the learning process, and they had no concerns to exhibit regarding the LMS quality. They were simply satisfied with the LMS quality. A similar result was obtained in another empirical study [40] In this study, educational system quality has the greatest direct impact on student satisfaction. This shows that collaborative learning tools, personalization, etc. play an important role in achieving student satisfaction. It may also be that Romanian students are more socially oriented. Other studies which included educational system quality in their quest for e-learning systems success [32] , [52] found that educational system quality had a significant impact on student satisfaction, but the magnitude of this effect was not comparable to the effect established between system quality and student satisfaction. Also, the results show that educational system quality has the largest indirect effect on student trust and loyalty. This supports the idea that educational system quality through its impact on student satisfaction can influence student trust in the LMS and, moreover, student loyalty.
H3 is supported and the impact is high. This indicates that the perceived usefulness of the LMS is a significant driver for student satisfaction. Another study [74] favors the idea that perceived usefulness can be a strong positive predictor of the student's satisfaction.
Perceived usefulness has a strong direct effect on student loyalty, therefore, H4 is supported. The indirect effect accounts for 36.45% of the total effect (not negligible). Similar findings [58] , [42] show that perceived usefulness and student loyalty are positively related.
Results reveal that H5 is supported. The biggest direct impact (0.896 significant at p<0.01) is evinced between student satisfaction and student trust. Student satisfaction is crucial to confirm student trust in the LMS. We tested whether student trust acts as a mediator between student satisfaction and loyalty. The findings reveal that the value of the indirect effect of student satisfaction on student loyalty is higher than the value of the direct effect [52] . The conclusion is that student trust has a mediating effect on the relationship between student satisfaction and student loyalty. If students are satisfied with LMS quality, they will have more confidence in the LMS, and this will enhance their loyalty towards the LMS. The academic literature favors the reverse relationship, namely that student trust is a determinant of student satisfaction [27] , [77] .
The highest level of direct impact on student loyalty comes from student trust, meaning that the more the students trust the LMS, the more loyal they become. In the LMS context, researchers did not study the relationship between student trust and loyalty towards the LMS. Previous studies focused on the impact of LMS use and student satisfaction on student loyalty [32] .
IV. CONCLUSION
There have been previous attempts to combine models in order to address their possible weaknesses and to demonstrate how LMS success can be achieved [32] . The current research is an empirical investigation aiming to detect factors which reflect the main social and technical issues involved in assessing the success of an LMS. This study led to the design and confirmation of an LMS success model which includes the following dimensions: system quality (technical system quality, information quality, service quality), educational system quality, perceived usefulness, student satisfaction, student trust, and student loyalty. The proposed model is complex in terms of used constructs and the strength of construct relationships.
Moreover, by comparing it to previous models, it adds the student trust construct and tests its relationship with student satisfaction and student loyalty. Student satisfaction is important for developing student trust in the LMS. Student trust and perceived usefulness are the two components which have high prediction rates in explaining student loyalty towards the LMS. LMS success can be achieved if the student is satisfied with the LMS, trusts the LMS, and, in the end, becomes loyal to the LMS. Developers should promote trust and consider designing and implementing mechanisms for users to enhance the security of their private data. These findings should not be neglected when implementing a successful LMS (or setting a blended learning environment).
Although this paper testifies to a careful and systematic effort, it is not without limitations, and the proposed model can be subject to subsequent improvements. The research work focused on metrics provided from a specific VOLUME 7, 2019 LMS (Moodle), the use of this platform was mandatory, and the data was collected mainly from first-year students enrolled in a public university. Future studies can be carried out to test the model by collecting opinions from students and instructors and using different blended learning settings (different LMS).
